While in-situ TEM offers an avenue to study dynamic nanoscale processes, it often suffers from poor temporal resolution. The limiting factor for time resolution in many conventional TEM systems is usually the camera. Advances in ultrafast in-situ microscopy and dynamic TEM (DTEM) have attempted to solve this issue by creating nanosecond or faster electron pulses to capture snapshots as events occur [1, 2] . However, these designs are often limited to single snapshots and require extensive modifications to the TEM system. The Relativity electrostatic subframing system [3] allows for the acquisition of in-situ videos of events occurring at the multi-kHz time scale. The multi-MHz deflector system deflects a conventional electron beam onto multiple areas of the TEM camera, effectively dividing a single exposure into many frames. Up to 16 frames can be created from a single camera exposure, and with the help of compressive sensing, 100+ frames of video are possible.
The I 3 TEM facility at Sandia National Laboratories [4] was modified with the Relativity deflector system and with the addition of an infrared sample drive laser. The laser is a 20W, 1064 nm wavelength IR beam and is pulsed at a frequency of 33 kHz with a 36 ns pulse width aligned to the sample location. This laser is used to initiate reactions, phase transformations, or grain growth in the target sample which is then subsequently imaged by the Relativity deflector system.
In this study, a film of 50 nm-thick nanocrystalline gold was exposed to a 36 ns IR pulse to initiate grain coarsening. The grain evolution over approximately 52 ms was captured using the Relativity deflector system. Figure 1 shows the grain coarsening captured using 1-to-1 deflector mode, resulting in 16 frames over the course of the event. The first frame is sacrificial during which the beam blanker on the TEM is stabilizing. The second frame shows the nanocrystalline microstructure before laser exposure. The laser is turned on during the third frame and the subsequent grain coarsening occurs in the following frames. Coarsening of the grains occurs very quickly, with their size increasing to near the final size by the fourth frame. Finer time resolution enabled with compressive sensing mode revealed that grain growth had nearly completed by 400 µs after laser initiation. This observation agrees well with theory of grain growth in thin films by Thompson [5] , which predicts an initial stage of rapid grain growth, followed by an arrest in grain growth as the grains reach sizes of 2-3x the film thickness. The findings in this study highlight the power of high temporal resolution at the nanoscale and the potential for discovering the previously unknown mechanisms of grain growth. 6 Figure 1 . The grain coarsening evolution of nanocrystalline gold is captured during an IR laser shot in 16 frames using the Relativity deflector system in 1-to-1 mode. The initial and final microstructures are shown on the right. The first frame is a saturated sacrificial frame during which the beam blanker was stabilizing. The laser pulse was initiated during the third frame.
